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Abstract 
With the raise of the grade of voltage and current in the transmission line, the traditional current transformer based 
on electromagnetism theory can no longer satisfy the requirement of actual measurement in recent years. Therefore a 
new method of fiber optic current sensor is presented in this paper. Taking the iron-core coil with air gap as current 
transformer in high-voltage side, the system loads the weak current signal created by mutual inductance into thin film 
resistor. And the strength of electric current can be known indirectly by measuring the temperature of thin film 
resistor. On the basis of its structure and testing conditions, supporting with finite element software ANSYS, a three 
dimensions model about thin film resistor is developed and thermal analysis on it is done. The temperature 
characteristics of the device obtained by ANSYS can provide a basis for the analysis on the current transformer. 
 
© 2011 Published by Elsevier Ltd. Selection and/or peer-review under responsibility of Harbin University 
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1.  Introduction 
Electric power which plays an important role in national economy construction is the basis industry in 
state economic construction. At present, the electromagnetic current transformer is a kind of the most 
widely used current transformers (CT) in power system. The electromagnetic CT owns simple structure, 
but it has some drawbacks such as magnetic saturation, serious electromagnetic interference and poor 
frequency response. However, the fiber optic current sensor with the chief advantages of good insulating 
ability, no magnetic saturation, powerful anti-jamming capability and large dynamic range, can overcome 
all the shortcomings of the traditional CT [1, 2]. 
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2.  Measurement principle of the system 
Using the principle of current transformer and the detection technology of fiber optic, the paper 
focuses on the current measurement. The overall idea of the whole system is based on the heating effect 
of the current. The whole process of the current detection can be summarized as follows: changes of 
current flow →changes of heat →changes of temperature →changes of fluorescence decay time →optical 
fiber information transmission→photoelectric conversion →signal processing [3]. 
Using current transformer as the sensor, we can producing a secondary current in low voltage side 
from a primary current side in high voltage side according to the overall design thinking of the system 
based on the heating effect of the current. The secondary current passes through current-temperature 
conversion unit (using the thin film resistor as current-temperature conversion device).And the strength of 
electric current can be obtained indirectly by measuring the temperature of the thin film resistor[4,5]. 
An integrated functional block diagram of the system is shown in fig.1. 
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Fig.1 System block diagram 
The temperature is measured by the temperature measurement method of fluorescent fiber. Fluorescent 
material will emit fluorescence while it is excitated by the exciting light. Because of its characteristic, the 
phenomena of twilight decay could be engendered when the exciting pulse has disappeared. Twilight 
decay time is the function of environmental temperature. So we can send the signal of twilight decay to 
PC through the photoelectric conversion and signal amplification circuit. Then the temperature can be 
gained indirectly by the sampled data analyzing. And finally the electric current can be measured [6]. 
  In this system, thin film resistor is the key component in the process of electro-thermal energy 
conversion. Certain thermal power is generated by the secondary current running through the thin film 
resistor. This power makes the temperature of the thin film resistor rise. The temperature changes of the 
thin film resistor were correlated with the secondary current, so the temperature can be measured by using 
the method of fluorescent fiber in the experiments. The relationship of the temperature of thin film 
resistor and secondary current is going to be an emphasis below. 
3.  Study on the thermal stability of thin film resistor 
When the resistor gets the electric power just now, its temperature is the same as the environment 
temperature, and at this moment, its temperature is rising by the major portion of the electric power. 
Moreover, the heat dissipation power is small. But as the temperature increases, it is gradually increasing. 
The temperature of the resistor increases until the heat dissipation power and the electric power achieve a 
balance  and then a thermal steady state is reached. 
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Thus it can be seen that, the process of establish thermal steady can be divided into two stages: 
• Stage 1:Part of the heat is produced to heat the resistor during heating-up treatment, this part of heat 
can be represented by: 
 
Q cm t= Δ                                                                                                                                                      (1) 
 
In Eqs. (1) C is the specific heat of the resistor and m is mass of the resistor. 
• Stage 2:The heat dissipates during the process of heat dissipation can be represented by: 
 
0( )Q s t tα= −                                                                                                                                                (2)
 
In Eqs. (2) α is the heat dissipation coefficient;S is the surface area of the resistor; t is the temperature 
of the resistor and 0t is the temperature of environment. 
According to the principle above, mathematical model can be established as follows: 
Suppose that the temperature of the resistor rises dt  within dτ  time, then the differential equation of 
balanced between the heat produces and dissipates during dτ  time can be represented by: 
 
0( )Pd s t t d cmdtτ α τ= − +                                                                                                                           (3)
 
The solution of this differential equation is: 
 
0 1 exp
P s
t t
s cm
α τα
⎡ ⎤⎛ ⎞= + − −⎜ ⎟⎢ ⎥⎝ ⎠⎣ ⎦
                                                                                                                      (4)
 
In Eqs. (4), s cmα  has the same dimensions of time, and it is called the time constant of resistor. Its 
physical meaning is heat capacity divided by heat dissipative capacity. According to the solution of this 
differential equation we can conclude that, the temperature of the resistor changes exponentially with the 
time under the condition of continuous load and constant power. When the time approaches infinity, the 
temperature of the resistor reaches a stable value. In this case, the heat produced by the resistor is all used 
to dissipate, and the resistor itself does not absorb heat and its temperature maintains a constant of /P sα . 
4.  Thermal analysis by ANSYS 
In the temperature conversion unit of this system, the thin film resistor is used as the current-
temperature conversion device. The information of the current is included in the information of its 
temperature. Therefore, we can simulate its heat-up process by ANSYS software according to the 
mathematical model of the resistor. The temperature of the thin film resistor under thermal balance can be 
obtained by the steady-state analysis. Then we can store the strength of the current and the corresponding 
temperature in the PC. The temperature gained by the measurement method of fluorescent fiber will be 
represented by the strength of corresponding current. 
4.1. Model establishing and parameter setting  
As shown in Figure 2, from top to bottom, the thin film resistor device consists of the silicon substrates, 
the thin film resistance and the phenolic resin substrates. The thin film resistance sandwiched between the 
silicon substrates and the phenolic substrates. Because the thickness of the thin film resistance is small, it 
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can be ignored when compared with the substrate’s thickness. Their specific size: 2mm×2mm×0.2mm (the 
silicon substrates); 1mm×1mm×0.2mm (the phenolic substrates). Material parameters is shown in Table 1. 
 
 
Fig.2 Device simplified model 
Table.1 Material physical characteristics 
material c (J(kg·K)-1) ρ (kgm-3) k (W(m·K)-1) 
silicon 702 2328 124 
phenolic 1470 1250 0.23 
 
4.2. Load applying and solution seeking 
To make it easier for us to observe how the temperature of the thin film resistor changes, the contact of 
the fluorescent probe is put on the substrates. Set the initial temperature of all devices to 20 ℃
(environment temperature) when applying load. According to the actual testing condition (the convection 
heat transfer coefficient of the surface of the substrates is 6 W/m2℃), the heat flux density of the two 
substrates’ interface can be calculated through the thermal power of the thin film resister. When the 
thermal power of the thin film resister is 5×10-4 W (the corresponding current is 5mA), the heat flux 
density is 250 W/m2. 
After building the model and applying the load, temperature field distribution of the thin film resistor 
experiment set can be calculated. The steady-state analysis is illustrated in Figure 3 and the transient 
analysis in Figure 4. 
When the system reaches a steady state, the heat absorbed and dissipated by the system is equal. As 
shown in Figure 3, when the system is in the steady state, the temperature of the surface of phenolic resin 
is 30.37℃, the temperature of the silicon substrates is 30.419℃, and the whole device has arrived at a 
balance state in temperature. It can be seen from the dynamic characteristic curve that, the temperature 
rising value of the thin film resistor is about 10.3℃ and the value of τ is 5.7ms. 
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Fig.3 Steady-state analysis; Fig.4 Transient analysis 
5.  Conclusion 
In this paper, thermal analysis about the experiment set of the thin film resistor is carried by using 
finite element software ANSYS. Result of the analysis shows that, as the core component in current 
converting, the thin film resistor can reaches thermal equilibrium after a period of time, and then reflect 
the environment temperature accurately. The temperature of the thin film resistor contains the information 
of the current, so the strength of electric current can be obtained by experiment calibration. Because the 
strength of secondary coupled current is small, measuring the temperature instead of the current can 
ensure the surveying precision. 
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